The atatic biossays were performed to determine lethal concentration (LC so) 16 (72 -h). 14 (86 -h). and 10 (144 -h); and zine : 69 (24 -h). 25 (36 -h), 15 (48 -h) and'8 (60 -h 
Introduction
Most previous studies concerned with the effects of heavy metais have dealt with fishes and some invertebrates (BaIl. 1967; I3rown • .l9 §..8:_Cai,rns _& Scheier, 1958; Eisler. 1971 ; Mount. 1968 ; Negilski.1976; Patrick et ai .• 1968; Pickering & Henderson, 1966; Trama & Benoit. 1960; Wisely & Blick. 1967) . lnforrnation on the lethal concentration values of the crustaceans is limited to Portman (1968) , Arthur & Leonard (1970) . and Eisler (1971) .
The pink spotted shrimp (Penaeus brasilienais) is one of the most important shrimp fisheries resources in the coastal are as of Venezuela (Ewald, 1967; Khandker, 1965) . On the coast of Margarita Island, this species is the major shrimp catch resource, and 95% of shrimp collected from 50 m in depth and almost 100% of shrimp from 50-70 m are P. brasiliensis (Khandker & Lares, 1973) . The maturity and fecundity of this species was reported by Lares (976) . However, the information is limited for the effects of heavy metals in this species.
The pUI])ose of this study is to determine "llrvival of P. brasiliensis at four neavy metals, cadmium (Cdcl2 . H20) , chromium (Cr03), copper (CuS04. 5H2 O), and zine (lnS04 ' 7H20). The pink spotted shrimp was seleeted as the test animal because of its abundance in the coastal areas of Venezuela and its eeonomieal and ecological significanee among fisheries resources. This report investigates the effeets of potential heavy metal pollutants, which may be present in domestic wastes in concentrations above ambient, especially near the industrialized are as, on components of marine biota.
Materiais and Methods
The pink spotted shrimp (Penaeus brasiliensis) were colleeted from the Laguna Restinga, Nueva Esparta State, Venezuela (Fig. 1) . Average total body length (from the tip of the rostrum to the end of the telson) was 40 mm. Water temperature and salinity were 26 ° C and 52 ppt, respectively. The shrimp were placed in two asbestos tanks (1 -x 1 -x I -m) and transported from Margarita to Cumaná with aeration. During transportation, salinity was adjusted to 36 ppt. About 2,000 shrimp were placed in each asbestos tank and their survival was excellent (almost 100%). The shrimp were held in Turpialito Mariculture Tanks (2 -x 4 -x 1 -m depth) for 15 days and transported from Turpialito to the physiologieal ecology laboratory of the University of Oriente, Cumaná. In the laboratory, animais were placed in aquaria (30 -x 60 -x 40 -em depth) and acclimated for 11 -21 days.. AccI.iJruWoJ;l temperature and salinity were 22°C ± 1.5 and 36 ppt, respectively. lniciarina (Purina Co.) was fed as the rate' of about 5 % of total body wet weight of shrimp every day during acclimation periods. The food was not provided 24 hours prior to the experimento The metais used were cadmiuJl!, chromiurn, copper, and zinco The amounts required to make 10 g/f. stock solution for each metals are: 17.9 g (Cdel2 . H20), 19.2 g (Cr03), 39.3 g (CuS04 . 5H 2 0) , and 43 .9 g (lnS04 ' 7H20).
The different concentrations used in each bioassay were prepared from the respeetive stock solution as indicated in Table I . The sodiurn citrate was used as a ehelating agent in the copper and zinc experiments.
Twenty animais were placed in 4 replieate flask.s, 16 -x 16 -x 20 -em depth, (5 animals in a flask) at each lethal concentration of heavy metal. Four-hundred-eighty (480) shrimps were tested using the four heavy metal toxicants. Food was not supplied . during bioassay experiments. The experiments lasted until 50% or more of the animals died in the weakest letnal concentration or until the animals in the controlled solution s.tarted. to die. The mortauty was observed at 30 -min, 1 -h, 2 -h, 4 -h, 8-h, 12-h, 24-h, 36-h, 48-h, 60-h, 72-h, 84-h, 96-h. 120 -h, and 144 -h intervals. The lethal concentration value, LC so (the lethal concentration of 5()% mortality), was determined by straight-line graphical interpolation of probability (Y-axis) -logarithm (X-axis) transformation.
Results and Diseussion
The percentages of survival of the pink spotted shrimp (Penaeus brasiliensis) tested at the lethal coneentration offour heavy metais is presented in Figure 2 . The lethal coneentration values (LCso) determined by probability logarithm transformation are summanzed iõ-Tãhle-rC . The toxic leveIs of heavy metals tested were different depending upon exposure time. The pereentages mortality at each lethal test coneentration showed that cadmium was more toxic tha'n zinc during 24 hours of exposure; however, zinc was more toxic to the pink spotted shrimp during 48 hours of exposure. The 48 -h lethal coneentration values of cadmium and copper were similar ; however, the values were lower than those of chromium. The 84 -h LC so values of chromium and copper were similar. Also, the 96 -h LC s o of chromium and the 144 -h LCso of copper were identical. The above information indicates that zinc is less toxic during short term period (24-h) l?ut more toxic during long term period (after 24-h). The comparative results of the 48-h LC so values indicate that zinc is the most to"ic heavy metal to thepink spotted shrimp and chromium is the least tOXIC (Table lI) . The 60-h LC so values indicate that the order of sensitivity to P. brasiliensis is zinc, cadmium. copper and chromium. .. Bolrn Inst. oceanogr., S. Paulo, 29 (2), 1980
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The threshold information, alSO, indlcates that the order of sensitivity of the pink spotted shrimp is zine, cadmlum, chromium and eopper.
C'omparisons with former work are difficult because of variations in .the experimental periods and the differences in the species of crustaceans employed.
The 96-h LC so of the pink spotted shrirnp for cadmium was not determined: however, its value should be greater than 5 mg/Q because 75% of animals survived for 144 hours at lethal concentration of 5 mg/ Q. This indicates that P .. brasiliensis has a greater resistance to cadmium pollutants than Crangon septem· pinosa, Pagurus longicarpus, Palaemonetes vu/garis, and Carcinus meanus (Table 111 ).
The 48 -h LC so value of P. brasiliensis for copper was higher than that of Gammarus pseudolimnaeus and Pandalus montagui but lower than that of Crangon crangon and C. IIJeillJUS (Table 1lI) . This indicates that the order of sensitlvitY to copper would be G. pseudolimnaeus, P. montagui, P. brasiliensis, C. crangon, and C meanus among the crustaceans repor!ed.
The 48 -h LCso value of P. brasiliensis for zinc was a Iittle higher than that of P. montagui and C. meanus; however, lower than that of C crangon. This índicates that C. crangon is the most Water Quality Condition Temperature (OC)
Salinity ( Portman (1968) " " Eisler (1971) " " " Portman (1968) " " Table III -LCso values and experimental conditions fro crustaceans exposed to copper, cadmium, zinco Acknowledgements re sistant to zinc toxicity and the other 3 species have similar sensitivity (Table IlI) .
Overall information indicates that P. brasiliensis is much more resistant to heavy metal poliu tanls than primitive crustaceans; however, more sensitive than brachyran decapods.
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